Effect of positive inotropic agents on myosin isozyme population and mechanical activity of cultured rat heart myocytes.
To examine whether catecholamines have a direct effect on myosin heavy chain expression of heart myocytes or whether they act via an altered work load, myocytes from neonatal rat hearts were cultured in thyroid hormone-free media containing various positive inotropic and chronotropic agents. The velocity and frequency of contraction of the myocytes were monitored using an optoelectronic system. After 3-5 days of culture, myosin isozyme populations, cellular cAMP content, and 2-deoxy-D-glucose uptake of the myocytes were determined. Compared with myocytes cultured in the absence of inotropic agents (32.6 +/- 3.5% V1), the proportion of myosin V1 was significantly (p less than 0.05) increased in the case of 1 microM isoproterenol (48.2 +/- 5.9% V1), 1 microM forskolin (57.1 +/- 11.7% V1), and 1 mM dibutyryl cAMP (79.1 +/- 2.0% V1). Dibutyryl cAMP increased V1 to a similar level as 30 nM triiodothyronine did (70.2 +/- 13.0% V1). Only a small increase was observed in myocytes cultured in the presence of 10 microM phenylephrine (40.4 +/- 8.4% V1), 10 microM ouabain (40.6 +/- 11.9% V1), or 10 microM Bay K 8644 (40.7 +/- 11.7% V1). The agents with a marked effect on myosin heavy chain expression resulted in a higher cAMP content; isoproterenol and forskolin also stimulated 2-deoxy-D-glucose uptake. All agents resulted in a higher velocity of contraction; with the exception of ouabain, frequency of contraction was also increased. A change in Ca2+ concentration in the medium from 1.3 to 2.4 mM resulted in a small increase in V1 (40.7 +/- 5.2% V1) but had the same effect on contraction velocity as dibutyryl cAMP did. Furthermore, 10 nM isoproterenol also increased V1 in myocytes that were arrested with 10 microM verapamil. The increase in V1 in the case of dibutyryl cAMP, isoproterenol, and forskolin is thus most probably not a correlate of the increased mechanical activity but of the high cellular cAMP content.